The Checua site within Nemocón in the eastern Andean Region of Colombia has produced evidence of huntergatherer activities from 9500-8700 cal yr BP. The aim of this work was to analyze genetically the Checua group according to mitochondrial DNA HVR-I sequence data. Following strict criteria of authenticity for studies of ancient DNA, extracted DNA was amplified and sequenced for each of the human remains. Twelve of the 22 human remains from Checua were successfully assessed (54.54%) in this study. Paleo-Colombian Checua revealed the Native American haplogroups A2, B2 and C1, plus the rare haplogroup D4h3a, reported for the first time in ancient Colombia. Comparison between Paleo-American and modern Colombian genetic data demonstrates the continuity of A2, B2, and C1, and a probable discontinuity of D4h3a since prehistoric times in Colombia, if not a shortage of D4h3a records in the literature and/or databases, while D1 is present in modern Colombia. The presence of D4h3a, A2, B2, and C1 haplogroups from Colombian early Holocene burials supports genetic evidence for Paleo-American dispersals downward by the Pacific coast. Our Paleo-Colombian DNA data, along with other genetic, archaeological, and paleoenvironmental published data, allow us to bring forward an Integrated Migration Model for the early peopling of northwestern South America, which involved different movements: (1) North-to-South along the coast; (2) West-to-East across the Andean mountain ranges; (3) Riverine discovery and riverside colonization. © 2016. Acad. Colomb. Cienc. Ex. Fis. Nat. Key words: Checua site, hunter-gatherers occupation, Paleo-DNA, mitochondrial DNA (mtDNA), Cundinamarca, Colombia, Migration waves.
Introduction
Information obtained from mitochondrial DNA (mtDNA) has been used extensively to clarify the genetic and evolutionary history of hominins, ancient humans, and prehistoric and modern populations (Martínez-Cruzado, et al. 2005 ; Fehren-Schmitz, et al. 2010; Chatters, et al. 2014) . Previous research has revealed five "Pan-American" mtDNA haplogroups, A, B, C, D and X, classified in the major lineages A2, B2, C1, D1 and X2a, with the minor lineages C4c, D2a, D3a nd D4h3 (Tamm, et al. 2007; Achilli, et al. 2008) . More recently, complete mtDNA analysis has revealed 15 sub-haplogroups, considered as founder lineages of the New World: A2*, A2a, A2b, B2, C1b, C1c, C1d*, C1d1, C4c, D1, D2a, D3, D4h3a, X2a and X2g (Merriwether, et al. 1995; Achilli, et al. 2008; Perego, et al. 2009 ). Molecular data generated by different genetic systems and computer simulations has been used to clarify dispersal routes and periods of entry into the Americas. Amongst the proposed models are: (1) A single migratory wave, based on mtDNA, SNPs and Y-STR data (Stone and Stoneking 1998; Zegura, et al. 2004) , either by coastal routes based on analysis of mtDNA and STRs , or by coastal and riverine colonization by means of computer simulation model (Fix 2005) , or specifically along the Pacific coastal route, based on the analysis of autosomal STR or whole mtDNAs (Wang, et (2) A dual migration model, according to the geographical distribution of two rare mtDNA lineages: D4h3 and X2a (Perego, et al. 2009 ). (3) Multiple waves of migration, including: a) a tripartite model based on linguistic, dental and genetic evidence (Greenberg, et al. 1986 ); b) a threewave model based on analysis of complete mtDNAs or SNPs (Tamm, et al. 2007; Reich, et al. 2012) ; c) a three-stage model: mtDNA data (Mulligan, et al. 2008) . Concerning the Caribbean, an indigenous South American origin for the Caribbean Taínos has been confirmed by genetic and genomic analyses carried out on Mestizo mtDNA (Díaz- (Manríquez, et al. 2011) ; b) One migration wave in two stages (Fuselli, et al. 2003) ; c) Two migration waves (Keyeux, et al. 2002) ; d) An early colonization from north to south, including subsequent transAndean movements in southern South America (Bodner, et al. 2012 ; de Saint-Pierre, et al. 2012).
Archaeological and genetic studies of modern populations indicate an early colonization of the Americas took place sometime prior to 15 Ka. A small number of aDNA results from the Americas would postpone the time of settlement by several thousands of years. The oldest samples studied (≥8 14 C ka BP), ostensibly the most informative for studies of the peopling of the continent, usually come from single individuals, while more recent ancient samples are suitable for the regional prehistory (Raff, et al. 2011; Pickrell & Reich 2014; Llamas, et al. 2016) . Several findings of human remains from the Savannah of Bogotá (Figure 1a, 1b) and from Boyacá (eastern Cordillera, Colombia) along with other relevant findings from elsewhere in the Americas (Pleistocene/ Holocene) are cited in Table 1 . Those already analyzed through mtDNA markers appear in bold and are italicized.
The Checua Site. The open-air Checua site extends over the top of a hill, steeper at its western end, rising about 15 feet above the flat surrounding area. It has produced evidence of prehistoric activities by huntergatherers in a cultural sequence (8500-3000 14 C yr BP). An archaeological excavation (300 m 2 ) was carried out in 1991 under the coordination of A.M. Groot (Groot 1992 (Groot , 1995 (Groot , 2006 . The name Checua is derived from the subdivision of the municipality of Nemocón (Figure 1a, 1b) , Cundinamarca-Colombia (eastern Andes) that contains the site. This is a region of subtropical lower-montane dry forest: 2600 m.a.s.l. average altitude, 14ºC annual mean temperature, and 600-750mm average annual precipitation (Groot 1992 ). The area is characterized by a native plant (Condalia thomasiana) that is typical of the Condalia forest (Van der Hammen 1997). Nemocón has two major rivers: the Checua River, covering 8334 Ha (85%), and the Neusa River covering 311 Ha (15%) (Groot 1992 (Groot , 1995 (Groot , 2006 Minelli, et al. 2012) . Paleoenvironmental studies suggest great changes in temperature and precipitation took place during the Quaternary period. During the last glaciations (23-18 Ka) the mean annual temperatures of the Savannah of Bogotá were about 8°C lower than at present; the lower Andean zone of Savannah -currently 2500/2600 and 2800m altitude-remained for several thousand years between 1700 and 2000m below. At that time, the weather was relatively dry: annual precipitation in the region was 40% lower than today (Van der Hammen 2011). During Early Holocene (10 -8 Ka), the climate changed with a sudden rise in average annual temperature that increased evaporation, causing lakes and swampy areas to dry out. The biome reconstructions for the 9 -8 Ka reveal that there was a notable expansion of mesic biomes (Marchant, et al. 2002 ; Van der Hammen 2011). Paleoecological / paleoenvironmental data predict that an initial wave of human occupation could have used coastal routes as primary adaptation areas. Then around 15-12 Ka, some groups may have turned east, crossing the major river valleys of the eastern highlands ("Altiplano Cundiboyacense"), taking advantage of the relatively dry and cold environments, as well as lower water levels in fluvial systems (Dillehay, et al. 1999 ; López-Castaño & Cano-Echeverry 2011). Overall, it seems a relatively dry corridor linked Pacific coastal routes with the "Altiplano Cundiboyacense", favoring the displacement of wildlife and humans from the Magdalena Valley towards the mountains towards the end of the Pleistocene (Van der Hammen 1986; Correal 1993).
Eight stratigraphic levels were identified at the Checua site, identifying two human occupation zones (Groot 1992; Neves, et al. 2007) . Zone I corresponds to Stratum 4: 9500-8700 cal yr BP [8200 ± 110 14 C yr BP (Beta)]; Zone II corresponds to Stratum 5: 9100-8300 cal yr BP [7800 ± 160
14 C yr BP (Beta53924)] (Table 1) . A more recent archaeological survey (Minelli, et al. 2012 ) reconstructed a stratigraphic sequence of seven levels (US7 to US1), using fragments of gastropods (snails) and charcoal samples as follows: Level US1 (3000-3500 14 C yr BP), level US3 (5837 14 C yr BP), level US4 (6461 14 C yr BP), and lower levels US5-7 (8500 14 C yr BP) (Lab CEDAD, LecceItaly) [ Table 1 ]. Checua human remains were identified as Paleo-Americans due to anthropological analysis, showing dolichocephalic skulls (Groot 1992; Pucciarelli, et al. 2010) . Also, found at the Checua site were ancient stone tools and bone elements closely connected with huntergatherer activities, as well as faunal remains (Groot 1992 (Groot , 1995 (Groot , 2006 Minelli, et al. 2012) .
The aim of the present study was to analyze skeletal remains of Paleo-Colombian Checua through mtDNA markers in order to: 1) Identify possible Native American haplogroups (A2, B2, C1 and D1) in 22 Checua samples by mtDNA markers of HVR-I region; 2) Contrast the haplotypes obtained with the results from other aDNA and modern DNA studies; 3) Determine the phylogenetic relationships and genetic diversity of the individuals studied; 4) Integrate information from distinct scientific disciplines such as: human genetics (ancient and modern DNA), archaeology, anthropology, and paleoenvironment with the purpose of elucidating eventual human migration patterns for northwestern South America.
Materials and Methods
Human Skeletal Remains. Samples from 22 human remains (N=22) from Checua-Nemocón, Cundinamarca, including 21 dental remains (premolars and molars), and 1 cranial (parietal) fragment (Groot 1992) -12,770 -12,560 -12,150 -11,610 Bone Bone (González, et al. 2005) Quintana (Correal 1990 , Neves, et al. 2007 Cundinamarca, Col.: -Tequendama 1
Early Preceramic (9740 ± 135) (GrN-7115) 11,700 -10,600 £ Charcoal (associated to human burials) (Correal 1990 , Neves, et al. 2007 Gachalá-Cundinamarca, Col.: -Guavio 1
Early Preceramic (9360 ± 45) (GrN-8.448) 10,705 -10,435 £ Charcoal (associated to Burial 8) (Correal 1990 , Neves, et al. 2007 Cundinamarca, Col. - (Groot 1992 , Minelli, et al. 2012 - (Groot 1992 (Groot , 1995 (Groot , 2006 Neves, et al. 2007) - (Sandoval & Almanza 2012) - (Carvajal, et al. 2014) (Reimer et al. 2013) . n.i.: no information. GrN: Groningen Lab, Netherlands. ♦CHI-12 sample: The 13C/12C stable isotope ratio corresponded to -19.7‰, the 15N/14N stable isotope ratio was equal to +7.3‰. Note 1: In bold and italicized, prehistoric human remains analyzed by mtDNA markers. Note 2: The Age-EPR/ESR of two Checua samples agrees with the stratigraphy of the site. . Six samples were also tested independently at Universidad de los Andes-Bogotá, where the Anthropology (aDNA Lab: pre-PCR) and Human Genetics Lab (post-PCR) are located in separate buildings with specialized equipment for each area: starting by sample preparation, teeth/bone fragmentation, DNA extractions (salting-out), amplifications with four-overlapping pair of primers, and sequencing. For archaeological remains, reproducible amplification of the same sequence by independent laboratories using different parts of a specimen (i.e., tooth and femur) provides good support of authenticity (Willerslev & Cooper 2005) . (8) DNA typing of the researchers manipulating the samples.
Sample Preparation and DNA Isolation. Preparing ancient samples and extraction protocol comprised Nondestructive Silica / Guanidine Thyocyanate (GuSCN) solution , avoiding any further DNA purification. In addition, the salting-out extraction protocol fully adapted from previous studies (Jara 2007; Silva, et al. 2008) , was improved for dental remains in this study (Díaz-Matallana 2015) . DNA was purified with the MoBio ® Power Clean kit, with silica columns for removing potential PCR inhibitors and humic substances (Lee, et al. 2010) .
Amplification and Sequencing. Four-overlapping primer pairs specific for mtDNA (HVR-I) reported were implemented (Kemp, et al. 2007; Bolnick, et al. 2012) ; these not only generate short PCR products but also aDNA sequences of higher quality. The four HVR-I marker pairs were: (1) np 16011-16131, (2) np 16127-16229, (3) np 16210-16330, and (4) np 16250-16382. The advantage of these markers is that no molecular cloning is required, but the consensus sequence from overlapping sequences can be determined (Winters, et al. 2011) . These primers have been successfully implemented on human skeletal remains from different periods including Paleo-Americans (Kemp, et al. 2007 (Kemp, et al. , 2009 At Universidad de los Andes-Bogotá, PCR reactions were adjusted to 25µl, using Bioline ® reagents. An enhancer was not required, and Dimethyl sulfoxide-DMSO (Sigma ® ) was used instead of BSA. In this study, the HVR-I region was only analyzed and HVR-II was avoided, the obtention of mtDNA sequences of good quality and authentic results in ancient human remains represents a challenging task, also it consumes so much time, due to Post-mortem DNA is usually fragmented and degraded, plus the risk of contamination with human modern DNA (Pääbo, et PCR Conditions. Initial denaturation was carried out at 94°C for 4 min, with 50 cycles (94°C for 30s, annealing temperature for 30s, 72°C for 30s) and a final extension of 72°C for 5min. The PCR (Touch Down-type) was carried out with the annealing temperature reduced 0.1°C after each cycle. It was observed that 58°C worked better to amplify all HVR-I fragments. Initially, 60 cycles were used , but PCR was reduced to 50 cycles, showing best results in sequencing. Electrophoresis was performed in 1.5% agarose gels stained with GelRed (Biotium ® ) in 1X TBE buffer. Amplicons were visualized on a UV transilluminator, and a digital record was kept. At modern DNA Lab (University of Texas-Austin, Anthropology), small polyacrylamide gels stained with GelRed (Biotium ® ) were prepared and displayed on a gel documentation system. These gels have the advantage of requiring minimum volumes of PCR products (2-3µl) and making it quicker to visualize bands. PCR products were purified prior to sequencing using the QIAGEN ® QIAquick kit, and were later submitted to the DNA Sequencing Facility at the University of Texas-Austin, as well as to Macrogen Inc., Korea (ABI ® 3730/3730XL sequencers), mediated by CorpoGen, Bogotá. Each sample was sequenced in both directions of HVR-I (light/heavy chains) as many as five times.
Data Analyses. The following sofwares and statistics were used for data analysis: (1) OxCal v4.2.4: To calibrate radiocarbon dates of several human remains from the Americas [61] . (2) Sequencher ® v5.0: Multiple sequence alignment with the revised Cambridge Reference SequencerCRS (Andrews, et al. 1999) and simultaneous visualization of electropherograms (GeneCodes Corp, Ann Arbor MI, USA). Only the mtDNA sequences that showed the best quality were used for analyses. The HVR-I segments (four overlapping fragments and repetitions) were aligned toget the consensus sequence for each sample. (3) Network v4.6.1.2: Construction of phylogenetic networks through Median Joining (MJ) algorithm (Bandelt, et al. 1999) for each one of the mtDNA haplogroups (A2, B2, C1, and D4h3a) where haplotypes of Paleo-Colombians and the Americas were compared. Haplotypes of 12 PaleoColombian Checua (this study) were compaired with 962 ancient and modern published datasets (HVR-I) from the Americas (North, Central, Caribbean and South), for a total of 974 sequences contrasted in this way: haplogrup A2: seven (7) Paleo-Colombian Checua were compaired with 414 ancient and modern mtDNAs HVR-I of the Americas; haplogrup C1: one (1) Paleo-Colombian Checua were contrasted with 383 ancient and modern mtDNAs HVR-I of the Americas; haplogroup D4h3a: one (1) PaleoColombian Checua were compaired with 30 ancient and modern mtDNAs HVR-I of the Americas; haplogrup B2: three (3) Paleo-Colombian Checua were contrasted with 135 ancient and modern mtDNAs HVR-I of the Americas ( Figure 1S , http://www.raccefyn.co/index.php/ raccefyn/article/downloadSuppFile/328/1650). Each of the sequence positions of HVR-I was weighted in relation to its hyper mutability taking into account the estimated relative rates (Meyer, et al. 1999) . (4) MEGA v6.06: a) Obtainment Tajima´s neutrality test statistics (Tajima, et al. 1989 ) to analyze population expansion and selection for Paleo-Colombian Checua. b) Calculation of Mean genetic diversity measure through the Maximum Composite Likelihood method and Bootstrap method, and genetic distances (Tamura, et al. 2013) . c) The Neighbor Joining (NJ) method was used to reconstruct a phylogenetic tree (Saitou & Nei 1987) through the Maximum Composite Likelihood modeland Bootstrap method to obtain the complete arrangement of the Paleo-Colombian Native American haplogroups. d) Estimation of substitution patterns and rates was carried out under the Tamura-Nei model (Tamura & Nei 1993) . A Maximum Likelihood (ML) estimate of Gamma parameter for Site Rates (Gamma distribution), was used to model evolutionary rate differences among sites (5 categories, [+G] : AC=AT=CG=GT, AG=CT) and to estimate nucleotide frequencies. The problem variation located around nucleotide position 16189 is usually associated with the length of heteroplasmy (Catelli, et al. 2011) ; therefore the 16182 and 16183 positions (B2 haplogroup) were ignored to calculate diversity indices, genetic distances, NJ phylogeny, and rates/patterns of nucleotide substitution for the Checua group. (5) (Kirkman 1996 , Soper 2015 . (7) MaxStat Pro ® v3.6: A PCA biplot for understanding and visualizing the HVR-I variation among several ancient and modern groups was carried out.
Genetic diversity indices (MEGA6 and DnaSp5) were calculated for Checua (N=12) and for each haplogroups identified. The computations for each Occupation Zone (I and II) were avoided, since calibrated dates here confirmed overlapping layers (I: 9500-8700 / II: 9100-8300 cal yr BP); hence is problematic the partition of stratums to obtain estimates. It would be more appropriate such division if a great portion of the human remains were dated providing specific information; other Checua samples have been dated (Tables 1, 2) .
Ethical considerations. The Scientific Investigation Committee on Medical Ethics of the Universidad Javeriana approved the research protocol of the Project Nº 5176 by consensus (Minutes Nº.8-2012) .
Results

Identification of mtDNA Haplogroups and Haplotypes.
Out of 22 Checua samples, 12 were successfully typed in this study. Haplogroups and haplotypes are shown in Table  2 . Results are listed according to Human Occupation Zones. Haplogroup frequencies were observed as follows: A2 = 58.33% (N = 7), B2 = 25% (N = 3), C1 = 8.33% (N = 1) and D4h3a = 8.33% (N = 1). Six of these ancient samples (CHI-02, CHI-03b, CHI-8, CHI-11, CHI-13 and CHII-06) were verified in an external aDNA Lab at Universidad de los Andes-Bogotá, Colombia (Table 2) .
Paleo-American DNA vs. Modern DNA. Figure 2 (a -d) shows the distribution of Native American haplogroups of Paleo-American Checua (HVR-I) obtained in this study in contrast with those from current Amerindian and Mestizo mtDNA haplogroups in Cundinamarca, Bogotá, and else where in northern South America, considering different published samplings based on sequencing results obtained from mtDNA control region (HVR-I and II). A genetic continuity between ancient and modern populations with haplogroups A2, B2, and C1 is evident, as well as perhaps a discontinuity of D4h3a (although haplogroup D1 remains relatively common in modern Colombian populations). Estimates of Genetic Diversity. Two measures of selective neutrality (Tajima`s D and Fu's Fs) were calculated to determine deviations from the Neutral Theory of Molecular Evolution (Table 3) . Table 4 shows the estimated Mean genetic diversity (π T ) and haplotype diversity (Hd). Mean genetic distances between and within mtDNA haplogroups, are reflected in the arrangement of the NJ phylogenetic tree, in which the four Native American haplogroups (A2, B2, C1 and D4h3a) identified in the Checua remains are exhibited ( Figure 2S , http://www.raccefyn.co/ index.php/raccefyn/article/downloadSuppFile/328/1652). Also pairwise distances between sequences were calculated (Table 1S , http://www.raccefyn.co/index.php/raccefyn/article/ downloadSuppFile/328/1659). (Andrews et al. 1999 );
e Age 14 C yr BP Stratums 4 and 5 in Table 1; f CHI-02: Sub-adult < 6years old. g CHI-03a and CHI-03b: Sub-adults 3-4 years and 18-24 months old respectively, calculated by femur longitude and tooth development; Age yr BP of other samples analyzed in This Study (see Table 1 ). and are italicized. The Maximum Likelihood (ML) estimate of Gamma parameter for site rates was calculated, and the estimated value of the shape parameter for the discrete Gamma Distribution was equal to 0.5689, denotes a great heterogeneity rate of nucleotide substitution among sites. Mean evolutionary rates in these categories were 0.03, 0.19, 0.52, 1.14, and 3.12 substitutions per site, the last category corresponds to transitions (AG=CT). The nucleotide frequencies were A=33.05%, T=23.24%, C=32.94%, and G=10.77%. (Table  2S, http://www.raccefyn.co/index.php/raccefyn/article/ downloadSuppFile/328/1660; table 3S, http://www.raccefyn. co/index.php/raccefyn/article/downloadSuppFile/328/1665; Figure 3S , http://www.raccefyn.co/index.php/raccefyn/article/ downloadSuppFile/328/1653 and figure 4S, http://www. raccefyn.co/index.php/raccefyn/article/downloadSuppFile/ 328/1654). ANOVA analysis for Number of haplotypes (HVR-I) showed that the pre-Columbians -Group Aexhibit the greatest variation, range of 95% confidence for the media: 6,489 -10.71 (p<0.05) [Suppl. Table 3S ; Suppl. figure 5S , http://www.raccefyn.co/index.php/raccefyn/ article/downloadSuppFile/328/1655; figure 6S, http://www. raccefyn.co/index.php/raccefyn/article/downloadSuppFile/ 328/1656 and figure 7S, http://www.raccefyn.co/index.php/ raccefyn/article/downloadSuppFile/328/1658).
Discussion
Identification of mtDNA Haplogroups and Haplotypes.
In summary, 12 of the 22 individuals of the early Holocene at the Checua site yielded good DNA quality from the HVR-I sequences and clearly revealed the presence of the Native American haplogroups' diagnostic mutations (Tables 1, 2 ). This represents a success rate of 54.54% from the samples analyzed. Similarly, an aDNA Chilean (Tajima 1989 ) was conducted in MEGA6 (Tamura, et al. 2013) . a This analysis involved 12 nucleotide sequences. All positions containing gaps and missing data were eliminated; there were a total of 357 positions in the final dataset.
b This analysis involved 7 nucleotide sequences. All positions containing gaps and missing data were eliminated; there were a total of 366 positions in the final dataset. Abbreviations: m = number of sequences, n = total number of sites, S = Number of segregating sites, p s = S/n, ᶿ = p s /a1, π = nucleotide diversity, and D is the Tajima test statistic. Estimates for C1 and D4h3a haplogroups were excluded from these analyzes since MEGA6 calculates between at least two sequences. Tajima Africans ( (Table 1) , a success rate of 54.54% (Manríquez, et al. 2011 ). Lower success rates were achieved in a RFLP study ofthe Arroyo Seco 2 site, Argentina (Table 1) [Kemp, et al. 2009] . Haplogroups observed in Checua remains, listed from highest to lowest frequency, were: A2 (N = 7), B2 (N = 3), C1 (N = 1) and D4h3a (N = 1) (see Table 2 ). The X2a haplogroup was not detected in Checua samples, which is not surprising since X2a is restricted to northern North America and Europe (Perego, et al. 2009 , Rasmussen, et al. 2015 . The observed haplogroups can be distinguished according to human occupation zones [I = Stratum 4, and II = Stratum 5 (Tables  1, 2) ]. Indeed, in the earliest Zone I haplogroups, A2 (N = 4), B2 (N = 2), C1 (N = 1) and D4h3a (N = 1) were detected, while in Zone II only the predominant haplogroups A2 (N = 3) and B2 (N = 1) were detected. Native American haplogroups found in the earliest Checua Zone I, A2, B2, C1 and D4h3a, are considered founding New World lineages (Tamm, et al. 2007) , and are simultaneously present in this particular site. Previously, the prevalence of lineage A into the New World supported the one migration hypothesis, and this lineage varied independently of any associated linguistic group (Merriwether, et al. 1995) . Likewise, a Panamanian mtDNA study (N=1565) performed by Perego, et al. (2012) found that 83% clustered into pan-American lineages, most commonly represented by haplogroup A2 (51%). A2 subclades confirmed the key role of the Pacific coastal path in the peopling of the Americas and support the Native American continuity of mtDNA genomes in Panama prior to 10 ka. Similarly, another mtDNA analysis from Nicaragua and Costa Rica (N=131) with 94.6% assigned to the Amerindian A2 and B2 haplogroups (Melton, et al. 2013 ). In line with mentioned studies, for Paleo-Colombian Checua (N=12), A2 and B2 were the most frequent haplogroups (83.3%), while A2 was prevalent with 58.3% (see first paragraph: pag. 16).
The presence of mtDNA haplogroup D4h3a in the early Holocene human remains from Checua in this study provides new evidence in supporting Paleo-American migrations along the Pacific coastal route proposed in previous works (Kemp, et Table 1S ]. However, in future studies the inclusion of radiocarbon dating for each individual, the analysis of HVR-II, as well as whole mtDNA genomes of these five A2 individuals might discriminate better among these individuals sharing the same A2 haplotype (Table 2 ; main node A2 in Figure 3 ). Paleo-DNA vs. Neo-DNA. Figure 2 (a-j), show the distribution of Native American mtDNA haplogroups found in the Paleo-American Checua in contrast to those found in other modern DNA studies in Colombia. These demonstrate a genetic continuity of the Native American haplogroups A2, B2 and C1, and probably a genetic discontinuity of sub-haplogroup D4h3a (detected in Checua) in Colombia throughout time, but also could be a shortage of publications and/or records in databases of D4h3a from Colombia, given that the most common haplogroup in modern Colombia is D1 [Melton, et al Currently, similar haplogroup frequencies to those found in the Checua remains ( Figure 2a) were observed in several studies from northern South America (Figures  2b -f, h ). Current mtDNA analysis on the ethnic groups of Caribbean Colombia showed haplogroups A2, B2, C1 (not D1) (Figure 2g ). Nonetheless, Mestizos from the Caribbean, Colombia (Figure 2h ) showed haplogroups A2, B2, C1, D1. A study on pre-Columbian Guane, SantanderColombia (N=17) (Casas-Vargas, et al. 2011), found haplogroups A2, B2, D1 (not C1). In contrast, in the PaleoColombian Checua with 12 of 22 individuals analyzed, the Native American haplogroups A2, B2, C1, and D4h3a were identified (This study).
Whilst, haplogroup frequencies of populations from the Colombia's Pacific Coast (Figure 2i and 2j) are dissimilar from those found in the samples from Checua, as well from other mentioned studies, such populations contain the haplogroups A2, B2, C1 and D1 (A2 and C1 the most frequent) in this zone. Such distribution is shared with the ethnic groups described for Colombia's Atlantic coast (Figure 2g (Table 1) , obtaining haplogroups A and D. Fernández (1999) , analyzed a single Checua sample (T9: Stratum 4), and classified as haplogroup C; also, three Aguazuque samples (Table 1) , amongst others, were determined as B. Monsalve, et al. (1996) , studied six Muisca mummies (AD 470-1849) using RFLPs, detecting major haplogroups A, C, D. Most of these studies, however, predate the emergence of recognized authenticity criteria for aDNA (Cooper & Poinar 2000) . Though, it is striking that T9 sample was identified as C (Fernández 1999) , and CHI-08 sample in this study was determined as C1, suggesting that the earlier result may have been valid. Phylogenetic Networks for Haplogroups A2, B2, C1 and D4h3a.
Network A2: Figure 3 (Vilar, et al. 2014) , and in ancient Argentina (Mendisco, et al. 2014) . This evidence shows that Hap. 1-C1 is widely distributed in the Americas, and it shows a genetic continuity both at haplogroup and haplotype level, as it has been found in Paleo-Americans, pre-Columbians and Mestizos. A particular phylo-geographical sense can be observed in the C1 network combined with its star-like shape indicative of demographic expansion.
Network D4h3a: Figure 5 was constructed with 31 American mtDNAs. Haplotype 1 is the main node, characterized by mutations 16223, 16241, 16301, 16342 and 16362, found in six individuals: a Mexican (Kemp, et al. 2007 ), a Paleo-Colombian Checua (this study: CHI-02); Native Chileans (de Saint-Pierre, et al. 2012). Haplotype 2 contains Paleo-Americans: ANC939 (Cui, et al. 2013) , and Anzick-1 (Rasmussen, et al. 2014) . Haplotype 3 is the Paleo-American OYKC (Kemp, et al. 2007) . Haplotypes 1 to 8, belong to D4h3a lineage, delimited at the top. D4h3a also been reported in 22% Cayapa-Ecuador (Rickards, et al. 1999; Malhi, et al. 2010) , in Brazilian-Mestizo (Kemp, et al. 2007) , in Quechua-Perú (Fuselli, et al. 2003) , and in modern California, USA (Perego, et al. 2009 ). D4h3 originated in eastern China, subsequently its distribution through the Americas, mostly in South America (Perego, Previously, a Pacific coastal route was proposed as the initial entry to America on linguistic and archaeological grounds (Gruhn 1994) . Figure 6a shows the distribution of D4h3a and D1 Native American haplogroups, providing evidence for early migrations extending along the Pacific coast from Alaska to Tierra del Fuego, corroborating the spatial distribution of whole mtDNA lineages described by The paucity of early data from the migration route into South America along Colombia's Pacific coast (1300km lenght) is not surprising, this region has been characterized by extremely complex geological dynamics (tectonic plates movement causing significant seismic activity), dramatic changes in sea level, and elevated environmental humidity since the Holocene throughout the Darién Gap and Chocó, Colombia. These conditions are very different from those in Ecuador, Perú and Chile (Stothert 1985; Dillehay, et al. 2008 Dillehay, et al. , 2012 . Moreover, the socio-cultural conflict in this area has discouraged archaeological research, contributing to the scarcity of preceramic remains (Van der Hammen 2006; López-Castaño & Cano-Echeverry 2011). Similarly, no conclusive evidence of human acitivity from the PleistoceneHolocene transition has yet been found along Colombia's Atlantic coast (Correal 1990 , Aceituno, et al. 2013 .
On the contrary, zones situated between the Colombia's mountain ranges, as well within the mid-and high-altitude Andean ecosystems, extensive plateaus, have revealed significant densities of preceramic populations (Table  1 ). Many findings have been reported in the "Altiplano Cundiboyacense" and Savannah of Bogotá (Aceituno, et al. 2013) , the second (2600 m.a.s.l., Figure 1 ), offers ideal conditions for the preservation of ancient evidence (Correal 1990) . The wide corridor of Colombia's Magdalena River valley is an area of outstanding potential for investigating the settlement of early inhabitants, along its length have revealed different stages of human occupation (Dillehay 1999 ; López-Castaño & Cano-Echeverry 2011; Aceituno, et al. 2013). It is not unlikely that human evidence predating 12, 5 14 C ka BP will eventually be found in Colombia (the earliest site is Pubenza, without human remains).
Anthropological analysis of three Paleo-American skulls from the Argentine Pampas (Table 1 ), concluded that these skulls are morphologically alike to others of the Early Holocene (Lagoa Santa-Brazil; Tequendama, Checua and Aguazuque-Colombia; Lauricocha-Perú; and Mexico). Archaeological evidence suggests that fishery resources were able to support relatively large human populations along the Pacific coasts of the Americas even before the development of agriculture (Melton, et al. 2007; Dillehay, et al. 2012) . The prehistoric hunting tool "boleadora" found in Checua, previously detected about at Monte Verde (12,5 14 C Ka BP), in eastern Brazil (11,5 14 C Ka BP), and in the Southern Cone (Minelli, et al. 2012) , provides further evidence for early American settlers.
Based on the combined evidence of the present study's Paleo-DNA data, along with findings from several genetic and archaeological studies, computer simulation models, and paleo-environmental studies mentioned here, we propose an Integrated Migration Model for Northwestern South America. This model consists of: (I) a North-to-South route along the Pacific coast; (II) Sequential movements across the Andes from West-to-East (the evidence for early human activity in the Colombian Andean region is concentrated in the easternmost of the three north-south mountain ranges); (III) The discovery and utilization of the regions river systems (including the Magdalena, Bogotá, Checua, and Neusa rivers) as resources for food and travel (Correal 1990 (Correal ,1993 Gruhn 1994 (Melton, et al. 2013) .
Concerning mtDNA Haplotype diversity (Hd) measures (Table 4) By comparing mtDNA nucleotide diversity (π T ) in Native Americans (Table 5) (Aikhenvald 1999) , and has been assigned to an Equatorial-Tucanoan linguistic stock (Ruhlen 1991) , they are usually considered distinct from Chibchan-speaking populations (e.g. Muisca) [Melton, et al. 2007] . However, the Checua remains also have π T values similar to those of the Panamanian Emberá, who speak a Chocoan language (Aguirre-Licht 2006). Another study suggested that the Chocoan and Chibchan families may be related (ConstenlaUmaña 2005), which would be compatible with Ruhlen's assignment (Ruhlen 1991) of the Emberá language to the Chibchan-Paezan linguistic stock.
The PCA biplot allows visualizing biological relationships among ancient and modern population groups ( Figure  7) ; it was possible to identify clearly: (a) an ancient South American Andes cluster (Guane, Checua, Palpa, and Q.Humahuaca) in the top right ellipse of the plot. (b) The contemporary northern South American cluster (Arsario, Ijka, Kogi, and Wayuú) is demarcated in a semi-circle. (c) In the middle of the ancient cluster and the modern cluster pointed out, there is a mixture of Meso / Central American (Maya, Emberá) and South American populations, such depiction have been observed before (Melton, et al. 2007 (Melton, et al. , 2013 [Casas-Vargas, et al. 2011] , although this variation may be due to the distinct HVR-I coverage ranges used in each study, for Guane was np 16217-16362, with most polymorphisms in this region (A, B and D haplogroups) . In contrast, the range for Checua is np 16011-16382, with improved chances of measuring the π T value; the same issue occurs for the Hd measure. Nonetheless, the PCA biplot yielded similar scores between Checua and Guane; without forgetting that both ancient groups inhabited the eastern Andes, Colombia (Figures 7).
Conclusion
For the first time D4h3a was reported in ancient Colombia (This study: Paleo-Colombian Checua N=12/22), and not detected in previous aDNA studies such as Muisca period (Monsalve, et al. 1996 N=6 RFLP) , Herrera period (Silva, et al. 2008 N= 6/11) , and pre-Columbian Guane (CasasVargas, et al. 2011 N=17). There is a genetic continuity of the A2, B2, C1 haplogroups, and presumably a discontinuity of D4h3a in Colombia since prehistoric times, but also could be a shortage of publications and/or records in databases of D4h3a from Colombia, while D1 (HVR-1) is more common in modern populations [Melton, et al. 2007 . It seems not unlikely that future ancient DNA studies of Colombian human remains may find more evidence of D4h3a. D4h3a was also present in ancient populations from the Southern Cone, while A2, B2, C1, D1 and D4h3a haplogroups are also found in current populations. D4h3a mtDNA haplogroup in early Holocene human remains from South America, as shown in this study, supporting early migrations into South America along the Pacific Coast, as does the distribution of A2, B2, and C1 haplogroups in Paleo-Americans. Based on the combined evidence of the present study's ancient DNA data, along with findings from other genetic and archaeological studies, computer simulation models, and paleo-environmental studies previously mentioned, we propose an Integrated Migration Model for Northwestern South America. This model consists of: (1) a North-to-South route along the Pacific coast; (2) sequential movements across the Andes from West-to-East (the early human evidence in Colombia is concentrated in the eastern Andean range); (3) the Riverine finding and colonization next to the river. We found an unexpected close relationship between a Paleo-Colombian Checua (eastern highlands Colombia: This work) and the Wayuú (La Guajira Peninsula, Colombia), in terms of certain haplotypes A and C ( Figures  3, 4) , with equivalent total nucleotide diversity. Similarities in nucleotide diversity values were also found between Paleo-Colombian Checua and the Emberá (Panamá). Shared values of total mtDNA nucleotide diversity among PaleoColombian Checua, pre-Columbians and modern Natives (Table 5 ), other diversity indices cited, the PCA clusters observed, in conjunction with the results of various other studies on distinct molecular markers, indicate a dynamic two-way gene flow between Central and South America in ancient times. It may be hoped -or even expected-that new archaeological data will provide further clues that help establish a better understanding of when and how humans moved across the Americas.
It would be advisable in future studies related to Checua samples, the incorporation of radiocarbon dating for each individual, the analysis of HVR-II, as well as whole mtDNA genomes for these five A2 individuals sharing the same haplotype (HVR-I) might discriminate better among these A2 individuals; on the other hand, try to re-process the remaining samples with negative results obtained herein.
Cross-disciplinary research and newer genomic methods applied to aDNA studies (e.g. full control region (HVR-I and HVR-II), whole mtDNAs, nuclear genome sequencing, and next generation sequencing) should reveal a clearer radiography of the human past. 
Supplemental materials
